Sera from the entire herd (2, 536) 
INTRODUCTION
Camels of both species (Camelus dromedarius and C. bactrianus) are frequently infected with Brucella organisms, especially when they are in contact with infected large and small ruminants (26, 32) . Serological evidence for Brucella infection in camels has been reported from Asia and Africa (1, 5, 6, 11, 12, 17, 20, 21, 22, 23, 26, 28) . In addition, abortions have been reported in pregnant camels and B. abortus has been isolated from aborted fetuses, genital discharges, urine and milk (32) . Moreover, Brucella melitensis biovars 1 and 2 have been isolated recently from camel milk in Saudi Arabia (26) . Human infection due to Brucella from camels is known to occur, mostly through the consumption of unheated milk (15, 16, 32) . Control of brucellosis on camel farms has been limited to serological tests and slaughter of reactors (32) .
In Saudi Arabia, the National Agriculture and Water Research Centre (NAWRC) in Riyadh received complaints, from a large camel farm, of abortions reaching 12% in one camel herd. Malta fever due to B. melitensis was also diagnosed in 30% of the camel handlers and milkers on this farm. Investigation by the NAWRC revealed the presence of a large flock of sheep and goats (3,600 head) on the same farm as the camel herd. The seroprevalence of brucellosis in this flock of small ruminants was 20%, and B. melitensis biovars 1,2 and 3 were isolated from milk and from aborted sheep and goat fetuses. The flock of small ruminants was moved to a remote, isolated area and the infection in the herd was controlled (reported elsewhere). The cases of human brucellosis in the camel farm were diagnosed and treated by the local health authorities. Furthermore, B. melitensis biovars 1, 2 and 3 were isolated from aborted camel fetuses submitted to the NAWRC. As the camels involved were valuable animals with superior genes, there was an urgent need for effective measures to protect non-infected camels, and for an effective treatment regimen as an alternative to slaughter of infected camels.
The purpose of the present study was to control camel brucellosis in the infected herd by implementing a new treatment regimen which was found to be effective and successful in Saudi Arabia on sheep, goats and cattle infected with B. melitensis (24, 25, 27) . The control procedure presented here involves three successive serological examinations (at three-month intervals), treatment of seropositive camels using Oxytetracycline combined with streptomycin, and vaccination of all seronegative camels using B. melitensis Rev. 1 strain vaccine.
MATERIALS AND METHODS

Animals
The present study involved a herd of 2,536 head of camels (C. dromedarius) of valuable breeds, raised under an intensive management system for commercial milk production in Saudi Arabia. The herd consisted of 94 males and 2,442 females of local (1, 349 Magaheam and 402 Magateer) and imported (785 Pakistani) breeds. The age of the camels ranged between three months and ten years. The body weight ranged from 150 kg to 750 kg. The herd contained 966 lactating camels (the stages of lactation were not known) and approximately 500 pregnant camels (stages of pregnancy not recorded).
Serological testing
All camels in the herd were subjected to three successive serological examinations (performed at three-month intervals). The serum samples were inactivated by heating to 60°C for 30 min (as unheated camel sera gave inconsistent results on repeated examination with Rose Bengal antigen) and initially screened for the presence of Brucella agglutinins, using the Rose Bengal test (4) . The Rose Bengal test antigen was obtained from the Central Veterinary Laboratory, Weybridge, United Kingdom. Sera yielding positive reactions in the Rose Bengal test were further tested by the standard United States of America (USA) buffered plate agglutination procedure, for determination of Brucella antibody titres (4). The standard Brucella plate antigen (made from B. abortus strain 1119-3) was obtained from the United States Department of Agriculture in Ames, Iowa. Agglutination at 1:100 or higher was considered positive (22, 26) . Animals yielding positive results were removed from the herd after each test.
Following vaccination of the seronegative camels and treatment of the seropositive camels, the antibody titres were monitored in both groups for two years (the study period). Parallel serum samples from a seropositive non-treated control camel were also included. In addition, sera from all calves born to both vaccinated and treated camels were examined immediately after birth.
Therapeutic agents
The antibiotics used in this study were as follows:
-Long-acting Oxytetracycline (LA-OTC) injectable solution (from France) containing 200 mg/ml OTC base.
-Streptomycin sulphate (ST) (from Egypt) supplied in vials, each containing 1 g or 4 g, which were reconstituted in sterile distilled water (3 ml or 12 ml, respectively) just prior to use.
-OTC intramammary infusion (IMI) (from the Netherlands) in 10 ml syringes, each containing 200 mg tetracycline hydrochloride, 250 mg neomycin base, 2,000 international units bacitracin, 10 mg prednisolone and excipient to 8 g.
Treatment regimen
Of the 205 camels giving positive results in Brucella antibody tests, 202 animals (120 milking camels, 52 non-milking, 16 adult males and 14 female calves) were each treated with a combination of LA-OTC 25 mg/kg i.m. every two days for thirty days and ST 25 mg/kg i.m. every two days for sixteen days. In addition, the milking camels were also given OTC-IMI 10 ml/teat every two days for eight days after stripping the udder and cleansing the teats. Both ST and OTC-IMI were administered with LA-OTC at the commencement of therapy. The LA-OTC and ST were injected i.m. in the cervical, thigh and shoulder muscles at a dose of 20-30 ml per site. The camel body weight was estimated using the following formula (30):
(chest girth in cm x 5.071) -457 = weight in kg.
The treatment was implemented without regard to age, stage of lactation, number of previous pregnancies, date of most recent pregnancy or number of previous abortions due to Brucella. The date of previous abortions in relation to the date of initiation of treatment was not recorded on the farm. In addition to the 202 treated camels, one seropositive milking camel (non-Brucella shedder) was isolated from the herd and monitored for Brucella antibody titres over two years, and two camels were used as controls for bacteriological examination (see below).
Vaccine and vaccination
All 2,331 seronegative camels were vaccinated with the Elberg smooth living virulent B. melitensis Rev. 1 strain vaccine (8) , as follows: a) 175 young male and female camels (aged from three months to one year) were each inoculated subcutaneously with a full dose, containing 1-2 x 10 9 viable organisms in l ml b) 2,156 camels aged more than one year (males and females [pregnant, non pregnant, lactating and non-lactating]) were each vaccinated with a smaller dose, containing 1-2 x 10 6 viable organisms in 1 ml.
Bacteriological examinations
Farrell's modified medium was used for Brucella culture and prepared as described previously (9, 25) . Immediately prior to initiation of the therapeutic regimen, fresh milk samples (30 ml taken separately from each quarter) were collected aseptically from all 120 milking camels with Brucella antibodies. Each milk sample was streaked (with a sterile cotton swab) onto four plates of the selective medium, for determination of Brucella shedder camels. Similar samples from the same seropositive camels were also cultured each week throughout treatment and, subsequently, each month from completion of treatment to the end of the study (two years). After calving, repeated udder secretion samples were also taken, at monthly intervals, from the remaining treated camels (which were not lactating at the time of initiation of treatment); these samples were cultured using the same procedure. In addition, bi-weekly milk samples from all 844 seronegative milking camels were cultured for a four-month period following vaccination with the reduced dose of Rev. 1 vaccine.
Two Brucella shedder camels were kept as controls and used for bacteriological examination. One camel was sacrificed immediately prior to initiation of the treatment regimen, and the second was sacrificed four months after the initiation of treatment. The following samples from the two control camels were collected aseptically: udder secretions and/or udder tissues; supramammary, prescapular, iliac, precrural, mediastinal, mesenteric and head lymph nodes; sections of brain, uterus, ovary, liver and spleen; bone marrow from the long bones of the front and hind limbs. Each tissue specimen was separately homogenised in a tissue grinder, and aliquots were spread with sterile cotton swabs onto four freshly-prepared plates of culture medium. The plates were incubated at 37°C for seven days in the presence and absence of 5% C0 2 atmosphere. The isolated Brucella cultures were identified morphologically, microscopically, biochemically and serologically (4) . The biotyping of the identified isolates was performed at the Central Veterinary Laboratory, Weybridge, United Kingdom.
RESULTS
Serological findings
A total of 205 camels were found to have Brucella antibodies in serum by the three successive serological examinations (at three-month intervals): 155,42 and 8 camels in the first, second and third tests, respectively (Table I ). The overall Brucella antibody (8) 16 (17) 189 (8) *three successive examinations at three-month intervals * seropositive camels were removed from the herd after each examination prevalence was 8% (205 of 2,536). Of the seropositive camels, 189 were females (122 milking, 53 non-milking and 14 young female camels) and 16 males of various age groups (three months to ten years). The Brucella antibody titres in the positive camels are shown in Table II . The brucellosis seroprevalence was 12% (94 of 785) among imported camels and 6% (111 of 1,751) among local camels. The seroprevalence was 17% (16 of 94) in males and 8% (189 of 2,442) in females.
After treatment of the seropositive camels was completed, a gradual, slow decrease in antibody titres was observed, and all treated camels became seronegative within sixteen months of the completion of treatment. The untreated control camel, however, remained seropositive over the same period. In addition, all calves born to treated or vaccinated camels were serologically negative for brucellosis.
The seronegative camels included 175 animals aged between three months and one year, and 2,156 aged more than one year. All young camels (175 head) vaccinated with the full dose of Rev. 1 vaccine produced maximum antibody titres (ranging between 1:50 and 1:200) at two to four weeks post-vaccination. The titres then decreased slowly until they completely disappeared eight months post-vaccination (Fig. 1) . When the 2,156 camels aged more than one year were vaccinated with the reduced dose of Rev. 1 vaccine, however, the majority of camels produced titres between 1:25 and 1:200 at two to four weeks post-vaccination, which then decreased gradually until they disappeared three months post-vaccination (Fig. 2) .
Bacteriological findings
In the investigation performed just prior to the present study, B. melitensis biovars 1, 2 and 3 were isolated from aborted camel fetuses submitted to the NAWRC. When milk samples from the 120 seropositive milking camels were cultured just before treatment, B. melitensis biovars 1,2 and 3 were also isolated from 41 camels (34%). Two weeks after the commencement of treatment, however, shedding of Brucella organisms in milk ceased and did not recur during the study period. Moreover, the repeated udder secretion samples taken from the remaining treated seropositive camels after calving were found to be Brucella-free upon culture.
When a seropositive control camel was sacrificed before treatment, B. melitensis biovar 2 was isolated (more than 200 colonies per plate) from the mammary secretions, mammary tissues and supramammary lymph nodes. All other selected tissue specimens from the same camel were found to be free from Brucella. In contrast, the selected tissue specimens from the other seropositive control camel (sacrificed four months posttreatment) were all found to be free from Brucella organisms. Unfortunately, the authors were unable to persuade the owner of the camel herd to sacrifice a group of seronegative camels for bacteriological examination before vaccination, to detect the possible presence of seronegative camels which were infected.
No Brucella organisms were recovered from any of the repeated udder secretion samples collected from all vaccinated milking camels (for four months post-vaccination), and no abortions were recorded among the pregnant vaccinated or treated camels.
Cost of therapeutic agents and camels
The cost of antibiotics used was calculated in accordance with prices on the Saudi market at the time of conducting the study (US$1= SR3.75). The weight of the treated camels ranged between 150 kg and 750 kg. The average cost of the therapeutic agents alone used in treating a lactating camel weighing 600 kg was US$175 (SR656), while for a non-lactating female or a male camel of similar weight the cost was approximately US$150 (SR560). This did not include the cost of other services, as all laboratory examinations were provided free of charge by government staff and the farm involved has its own veterinary staff and supplies. Under other circumstances, the cost of interventions has to be considered.
The following are average prices of camels on the Saudi market at the time of the study: ~ adult male of special breed: SR250,000-SR1,000,000 ~ adult milking camel for breeding purposes: SR30,000-SR40,000 ~ adult milking camel of ordinary breed: SR3,000-SR4,000
-one-year-old male of special breed: SR4,000-SR10,000 -one-year-old male destined for slaughter: SR1,500-SR2,500.
The treatment regimen used in this study did not have any harmful local or systemic side-effects on the health of the treated camels. In addition, meat inspection of a treated control camel (slaughtered four months post-treatment) did not reveal any detectable abnormalities in the muscles at the site of repeated i.m. inoculation.
DISCUSSION
Prevention of brucellosis in humans ultimately depends on control of the disease in the animal hosts. Efforts to control brucellosis are justified economically and in terms of public health. The economic aspects include losses due to clinical disease (in humans and animals), and other losses associated with agricultural markets for animals and animal products. The recommended forms of control are 'test and slaughter' and 'vaccination' (19, 32) . The test and slaughter method is recommended when the disease is confirmed serologically and bacteriologically. In such cases, the entire herd should be regarded as infected; alternatively, all animals should be tested and seropositive animals slaughtered. Mass vaccination of infected herds protects only uninfected animals, without altering the course of disease in those already infected. The infected vaccinated animals thus remain a great hazard to public health. In addition, the 'test and slaughter' method, combined with calfhood vaccination, no doubt results in a considerable reduction in the number of infected herds. This strategy is outside the economic scope of developing countries, however, especially when expensive animals with high genetic potential are involved: camel producers in Saudi Arabia and other developing countries cannot afford the traditional test and slaughter approach used in developed countries.
Although previous treatment trials on Brucella-infected cows were not fully successful (18) , the treatment regimens which have recently been developed, evaluated and implemented on Brucella-infected sheep, goats and cows in Saudi Arabia have proved to be practical, effective, economical and safe (24, 25, 27) . The successful treatment regimens were based on using a combination of LA-OTC and ST.
In view of the prolonged incubation period in some Brucella-infected animals and the possible occurrence of latent Brucella infection, the present study involved three successive serological testings (i.e. a single negative serological test may not be relied upon for diagnosis in an individual animal). Consequently, camels were considered brucellosis-free only after passing three successive negative tests. In addition, because of the limited reliability of a single serological test in detecting individual infected animals, a combination of two tests was used. The Rose Bengal test has found wide application in screening but, as this test is generally considered to be oversensitive, positive sera are usually re-tested by another method (32) . The Rose Bengal test reacts mostly with IgG antibodies, which are produced in active and chronic stages of infection. Both the Rose Bengal test and the standard USA buffered plate agglutination procedure were adopted in this study and others (24, 25, 26, 27) due to their sensitivity, simplicity and applicability in the field. Titres of 1:100 or higher were taken as diagnostic evidence for camel brucellosis (22, 26) . There was full correlation between all sera showing titres of 1:100 or higher in the USA standard buffered plate agglutination test and positive reactions in the Rose Bengal test.
By these criteria, the overall brucellosis seroprevalence in the tested camel herd was 8% (205 of 2,536). This prevalence was similar to that previously reported in a camel herd in central Saudi Arabia (26) . The prevalence among the imported camels (12%) was twice as high as in local camels (6%). Although the imported camels came from a country where Brucella infection is known to exist, they were not tested on arrival in Saudi Arabia; consequently, it is not known whether the animals contracted the infection abroad or locally. In addition, brucellosis seroprevalence was much higher in male camels (17%) than in female camels (8%): no explanation has been found for this result. In previous studies in Saudi Arabia and Sudan, male and female camels showed no significant difference in brucellosis seroprevalence (1, 26) .
In countries such as Saudi Arabia, where B. melitensis infection is widespread among sheep and goats, vaccination of livestock with the Elberg B. melitensis Rev. 1 strain vaccine is considered to be superior to the use of other live or inactivated vaccines. There is good evidence that this vaccine produces strong immunity against brucellosis in sheep, goats and cattle (7, 8, 10, 13, 14, 31) . Moreover, experiments have shown that Rev. 1 vaccine is capable of producing immunity in lactating or pregnant adult goats when administered in doses much smaller than those originally used. These lower doses produce neither abortion nor excretion of the vaccine strain, and provoke a greatly reduced serological response (2) . In addition, the reduced dose of Rev. 1 vaccine gave protection in adult animals comparable to that produced by a full dose of the vaccine (2). Furthermore, Rev. 1 vaccine has been recommended for use in cattle, particularly in areas where B. melitensis is prevalent in small ruminants (32) . Animals vaccinated against brucellosis develop both humoral and cell-mediated immune responses. Cell-mediated immunity is considered the major immune defence mechanism against intracellular infections caused by Brucella (29, 31) . Humoral antibodies do not correlate well with protective immunity, as vaccinated animals showed long-lasting protection while antibody titres fell below detectable levels within a few months after vaccination. Furthermore, there is no evidence of increased virulence following successive passage of Rev. 1 in animals, and there have been no reports of infection spreading from animals vaccinated with Rev. 1 to non-vaccinated animals. However, Rev. 1 is pathogenic for humans if accidentally injected (8) .
Vaccination of uninfected animals is generally considered the most effective and economical means of protecting livestock against brucellosis. Consequently, vaccination was performed on all negative reactors immediately after the third serological testing, to avoid the possible presence of carrier animals. Vaccination of seronegative young camels with a full dose of Rev. 1 caused the development of the highest level of antibodies two to four weeks post-vaccination. This high antibody level continued in some camels for two months, then decreased gradually and totally disappeared eight months post-vaccination. Vaccination of seronegative camels aged more than one year, with the reduced dose of Rev. 1, produced antibody titres two to four weeks postvaccination. These titres disappeared three months post-vaccination. Vaccination of pregnant camels with the reduced dose of Rev. 1 did not cause any abortion, and the vaccine strain was not excreted in the milk of vaccinated milking camels. Similar results have been obtained in cows vaccinated with a reduced dose of Rev. 1 vaccine, and the vaccinated cattle became seronegative eight to ten months post-vaccination (10, 13) . In addition, the serological response of adult goats to a reduced dose of Rev. 1 (1-2 x 10 6 ) reached a maximum level two to three weeks post-vaccination, and the titres disappeared within 105 days post-vaccination (3, 7). Unfortunately, challenge tests could not be made in the present study to determine the duration of protection in camels due to Rev. 1 vaccination. Furthermore, it was not possible to keep unvaccinated control camels in the herd, as the owner was deeply concerned about immediate protection of both the camels and the camel caretakers against further infection with Brucella. The absence of such unvaccinated control groups (for full and reduced doses) prevented precise evaluation of the results obtained by vaccination or treatment. Nevertheless, after considerable effort, the authors were able to obtain three seropositive control camels: one Brucella non-shedder camel (used to monitor antibody titre for two years) and two Brucella-shedder camels for bacteriological examination (one sacrificed prior to treatment, and the other sacrificed four months after treatment).
The selective medium used for evaluation of the treatment regimen in this study was reported to give a higher isolation rate of Brucella organisms from fresh milk and tissues than any of the other currently-known selective media, and is equivalent to guinea-pig inoculation (9) . The overall prevalence of shedders of Brucella organisms in milk among the 120 seropositive milking camels was 34%. This prevalence was much higher than that previously observed in another camel herd (26) . Brucella organisms are known to be shed intermittently in the milk of infected cows, but the duration of Brucella shedding in infected camels is not known. The present treatment regimen was found to be practical, safe, effective and successful in complete elimination of B. melitensis from the mammary secretions of shedder camels. Furthermore, relapse did not occur in any of the treated camels during the two-year study period. In addition, the selected tissue specimens from the treated control camel were all found to be Brucellafree, while B. melitensis biovar 2 was isolated from milk, udder tissue and supramammary lymph nodes of the untreated control camel. Moreover, all treated camels became seronegative sixteen months post-treatment, while the untreated control camel remained seropositive. The relatively low cost of antibiotics used for treatment of camels in this study makes implementation of this regimen economically feasible in Saudi Arabia. Under the treatment regimen described, no harmful effects were expected in humans due to antibiotic residues in the milk, as the milk was discarded during the period of treatment and for one month post-treatment.
CONCLUSION
The control procedure described above for B. melitensis infection in camels involved three successive rounds of serological testing, treatment of seropositive camels using a combination of LA-OTC and ST, and vaccination of all seronegative camels with Brucella Rev. 1 strain vaccine. This procedure seemed to be effective, practical, safe, successful and economically acceptable: it is particularly recommended for valuable breeds of camels as an alternative to slaughter of infected camels with superior genes. 
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